(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) Worid Intellectual Property Organizatioii 
International Bureau 

(43) International Publication Date 
14 March 2002 (14.03*2002) 




PCT 



III 



(10) International Publication Number 

wo 02/21121 Al 



(51) International Patent Classification^: GOIN 30/96 

(21) International Application Number: PCTAJSOl/27499 

(22) International Filing Date: 

4 September 2001 (04.09:2001) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

60/231,086 8 September 2000 (08.09.2000) US 

(63) Related by continuation (CON) or cootinuation-io-part 
(CIP) to earlier application: 

US 60/231,086 (CON) 

Filed on 8 September 2000 (08.09.2000) 



(71) Applicant (for all designated States except US): THE 
DOW CHEMICAL COMPANY [USAJS]; 2030 Dow 
Center, Abbott Road, Midland, MI 48640 (US). 

(72) Inventors; and 

(75) Inventors/Applicants ffbr US only)'. DASGUPTA, 
Pumendu, K. [US/US]; 3514 25th Sfreet, Lubbock, TX 
79410-2020 (US). ADAMS, Rebecca, L. [US/US]; lOA 
Bayou Road, Lake Jackson, TX 77566 (US). 

(74) Agent: HALLDORSON, Burke, M.; The Dow Chemical 
Company Intellectual Property, P.O. Box 1967, Midland, 
MI 4864M967 (US). 

(81) Designated States (national): AE. AG. AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CZ, 
DE, DK, DM, DZ. EC, EE, ES, H, GB, GD. GE, GH, GM, 
HR, HU, ID. IL. IN, IS. JP, KE, KG, KR, KZ. LC, LK, LR, 
LS, LT, LU, LV. MA, MD, MG. MK, MN. MW, MX, MZ, 

[Continued on next page] 



(54) Title: SEQUENTIAL DETECmON ION CHROMATOGRAPHY 



n 
O 




(57) Abstract: Packings or equivalent structures which 
produce radial mixing in channels can be used to enhance 
reagent addition devices for ion chromatograi^y post 
column reactions in which band spreading at detrimental 
levels is effecdvely controlled. Application to two 
dimensional condoctometric detection in simultaneous 
suppressed and nonsuppiessed ion chromatography. 



wo 02/21121 Al linilliiliiiiilHUi 



NO. NZ. PH, PU PT. RO. RU, SD. SB, SG, SI, SK, SL, TJ. Published: 

TM. TR, TT, rZ. UA. UG, US. UZ, YU. ZA, ZW. — with intentational search reporl 



(84) Designated States (regional): ARIPO patent (GH, GH 
KE, LS, MW, MZ» SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG. KZ, MD. RU, TJ. TM), Boropean 
patent (AT. BE, CH, CY. DE, DK. ES, H. FR, GB. GR, IE, 
rr, LU, MC, NL, PT. SB. TR). OAPI patent (BF. BJ. CF, 
CG. CI, CM. GA. GN. GQ. GW, ML, MR, NE. SN. TD. 
TG). 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" cg^aring at the begin- 
ning of each regular issue of the PCTGazette. 



VVO 02/21 121 



Page 3 of 25 



WO 02/21121 PCTAJSOl/27499 
SEQUENTIAL DETECTION ION CHROMATOGRAPHY 

Hie instant inv^on is m the field chemical analy^ by Eguid diromatogr^hy. 
More ^edficalty» the bstant invention is m the field of Ion Chromatography. 
S . Ihechemicd analysis technique known as "Ion ChromatogTE^by^ 

published in 1975 by Small, Stevens and Bauman (Analytical Chemistiy, 197S» pages 1801- 
1809). Since 1975 IC has become a leading tedmology for the determination of common 
anions sudi as chloride and sul&te. 

Anions can be determined by IC by iqecdng a sample into an eluant of dilute sodiiun 

10 hydroxide flowed through an anion exchange chromalograpl^ analytical column, separating 
. the anions ofint^estofthemjected sample in the analytical cohimn by ion exchange 
chromatc^apby, flowing the effluent stream from the analytical column through a 
"suppressor" and then through an electrical conductivity detector. The suppressor converts 
the sodhun hydroxide of the effluent stream mto water by exchanging the sodium ion for 

15 iydrogen ion. The suppressor also converts the separated anions of interest into thdr add 
form, for exanq)le., chloride ion is converted into hydrochloric add. The conductivity 
detector detects the separated anions as an add moiety m a background of water. Water has 
a relatiydy low conductance. The add moiety ofmany common anions dissolved in water 
has a relatively high conductance. Therrfore, IC is a sensitive tedmique for determining 

20 many common anions. 

The above described IC system does not, however, provide a sensitive technique for 
the determination of anions that form a weak acid moiety (pKa greater than about 6) because 
a weak add dissolved in water has a relatively low conductance. Examples of sudi weak 
acid anions include carbonate and sulfite. 

25 In 1993 Berghmd, Dasgupta, Lopez and Nara (Analytical Chemistry, 1993, pages 

1 192-1 198, herdn fiiUy described as a modified IC system that provided a sensitive tedmique 
for the determination of anions that form a weak add moiety (up to a pKa of about 10). The 
modification comprised continuous^ adding a small amount of a base to the stream flowing 
fit)m the conductivity detector to form a base treated stream that was then passed througji a 

30 second conductivity detector. 

The base added to the stream fiiom the first conductivity detector reacted with the 
acid moiety of the separated anions to produce a salt moiety of the separated anions with a 
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corresponding reduction in the concentration of the added base in the region of the separated 
anions. The added base has a rdatively higher conductance than the salt moiety of the 
separated anions and the concentration of the added base is reduced in the region of the 
separated anions. Therefore, the second conductivity detector detected the separated anions 
5 as negative peaks on an ele^^ted baseline conductance of the added base. 

The base was added to the stream from the first conductivity detector by di£Eli5ion 
across a porous membrane, by direct flowing introduction, by Donnan prohibited difiSision 
across a cation exdiange membrane and by the use of a microdectrodialytic base generator 
(See Strong, Dasgupta, Freidman and Stillian, Analytical Chemistiy, 1991, pages 480-486, 

10 herein fully incorportated by reference, for additional discussion of the microdectrodialytic 
base generator). The porous membrane, the direct flowing introduction and the Donnan 
prohibited difiiidon techniques all exhibited significantly poorer signal to noise ratio for 
separated anions at the second conductivity detector than the use of the miat>dectrodialytic 
base generator. Therefore, the use of the microelectrodia^c base genraator was preferred. 

IS In the above described modified IC system the basdine noise level of the first 

conductivity detector is significantly bett^ than the baseline noise level of the second 
detector because the baseline conductivity of the first conductivity detector is much lower 
than the elevated baseline of the second conductivity detector. Therefore, the sensitivity of 
detection by the second conductivity detector of anions that form a weak add moiety tends 

20 to be less than the s^itivity of detection by the first conductivity detector of anions that 
form a strong acid moiety. 

The above described modified IC system of Berglund, Dasgupta, Lopez and Nara, 
herein defined as "Sequential Detection Ion Chromatography" (SDIC), was a significant 
advance in IC art. However, it would be a fiirth^ advance in the IC art ifa means could be 

25 discovered to yet fiirther decrease the baseline noise level of the second conductivity 

detector so that the sensitivity of detection by the second conductivity detector of anions that 
form a weak add moiety would be better and more like the sm^ivity of detection by the 
first conductivity detector of anions that fiarm a strong add moiety. 

The instant invention provides a means to fiirther decease the baseline noise level of 

30 the second conductivity detector in SDIC so that the sensitivity of detection by the second 
conductivity detector of anions that form a weak acid moiety is better and more like the 
sensitivity of detection by the first conductivity detector of anions that form a strong acid 
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moiety. In a related embodiment, the instant invention provides the same benefits for the 
analysis of cations by SDIC. 

In one embodiment, the instant invention is a chemical analysis method for 
. determining anions of interest in a sample to be analyzed, comprising the steps of: separating 
S the anions of int^est by anion exchange dinomatography using a basic ebant to produce a 
stream of separated anions in the ehiant; exdiangjng the cations of the stream of separated 
anions for hydrogen ion to produce a suppressed eluant stream; adding base to the 
suppressed duant stream to produce a base treated suppressed ehiant stream; mixing the 
base treated suppressed ehiant stream; determining the dectrical conductivity of the base 

10 treated suppressed ehiant stream to determine the separated anions as a negative electrical 
conductivity response fiom a baseline response of the base treated suppressed ehiant stream. 
The electrical conductivity of the suppressed duant stream can also be determined to 
determine the separated anions as a positive dectrical conductivity response from a basdine 
response of the suppressed duant streant 

15 In another embodiment, the instant invention is a chemical analysis method for 

determining cations of interest in a sample to be analy2»d, conq>rising the steps of: 
separating the cations of mterest by cation exchange chromatography using an addic eluant 
to produce a stream of separated cations in the eluant; exchanging the anions of the stream 
. of separated cations for hydroxide ion to produce a suppressed eluant stream; addmg add to 

20 the suppressed eluant stream to produce an add treated suppressed duant stream; mbdng the 
add treated suppressed eluant stream; determining the electrical conductivity of the add 
treated suppressed eluant stream to determine the separated cations as a n^ative dectrical 
conductivity response fit)m a baseline response of the add treated suppressed duant stream. 
The electrical conductivity of the suppressed ehiant stream can also be detomined to 

25 determine the separated cations as a positive electricd conductivity response from a baselme 
response of the suppressed ehiant stream. 

In anothtf embodiment, the instant mvention is an apparatus for the chemical analysis 
of anions of interest m a sample to be analyzed, comprismg: an anion ^change 
chromatography column; an ion chromatography suppressor m fluid communication with the 

30 anion exchange chromatography cohimn; a base addition device in fluid communication with 
the ion chromatograpl^ suppressor, a mixer in fluid communication with the base addition 
device; an electrical conductivity detector in fluid communication with the mixer. The 
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apparatus can fiirther include an additional electrical conductivity detector in fluid . 
conununication with the ion chromatography suppressor and the base addition device. 

Jn another embodimfflt» the instant invmtion is an apparatus for the diemical analysis 
of cations of interest in a sample to be anafyzed, comprising: a cation exchange 
chromatography column; an ion chromatography suppressor in fluid communication with the 
anion exdiange chromatography cohmm; an add addition device in fluid communication with 
the ion chromatography suppressor, a mixer in fluid communication with the add addition 
device; an electrical conductivity detector in fluid communication with the mixer. The 
apparatus can fiirther include an additional electrical conductivity detector in fluid 
communi(^ion with the ion chromatograpl^ suppressor and the add addition device. 

Fig. 1 is a schematic drawing of a preyed ^aratus for the determination of 

anions; 

Fig. 2 is a chromatogram showmg the separation of anions as detected in the 
suppressed duant; 

Fig. 3 is a chromatogram showing the separation of anions as detected m the base 
treated suppressed ehiant; 

Fig. 4 is a schematic view of a preferred apparatus for the determmation of cations; 

Fig. 5 is a schematic drawing of a base addition device using a plurality of particles as 
amixet; 

Fig. 6 is a schematic drawing of an add addition device using a pluraUty of particles 
as a mixer. 

Fig. 7 is a schematic drawing of an add or base addition device followed by the use 
of a plurality of partides as a mfacer; 

Fig. 8 is a sdiematic drawing of an add or base addition device followed by the use 
of a filament filled helical channel as a mixer. 

Fig. 9 is a schematic drawing of an add or base addition device foUowed by the use 
of a configured tube as a nuxer; 

F%. 10 is a schematic drawii^ of an add or base addition device having a screen 
adjacent an add or base penneable membrane, and 

Fig. 1 1 is a schematic drawing of an add or base addition device having a plurality of 
particles adjacent an add or base penneable membrane. 
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RderringnowtoFig. 1, theran is shown a prefeired apparatus 10 for the 
detenmnation of anions of int^^ in a sample to be analyzed The apparatus 10 indudes a 
reservoir 11 containing ddonized water 12. The res^votr 11 is in fluid communication with 
a liquid diromatogr^hy pump 13 which punq>s water 12 to a miorodectrodialytic base 
5 generator 14. The miCToelectrodialytic base gsne^or 14 adds a continuous amount of base 
to the pumped stream! of watQ- 12 converting it into a basic ehiant that is flowed through a 
sample iqection valve 15. A sanq)le 16 containing anions of interest is contained in syringe 
17 to be injected into the base ehiant by the injection valve IS. The anions of interest are 
separated by anion exchange diromatograpfay on anion exchange diromatograpl^ cohman . 

10 18. An ion diromatogr^l^ suppressor 19 exchanges the cataions of the stream of separated 
anions fiom the column 18 for hydrogen ion to produce a suppressed eluant stream that is 
flowed through a first electrical conductivity detector 20. The first electrical conductivity 
detector 20 determines the separated anions as a positive response fi'om a baseline response 
of the suppressed ehiant stream as shown in Fig. 2. 

15 Referring again to Fig. 1, the stream of suppressed eluant fi-om the first conductivity 

detector 20 is then flowed throu^ a coiled helbc of tubular cation exchange membrane 21 
(NAFION brand cation exchange tubing). The coiled helix of tubular cation exchange 
membrane 21 contains a close fitting filament 22 (nylon monofilament fishing line). The 
coiled helix of tubular cation exchange membrane 21 is contained in a base compartment 23. 

20 Dilute base 24 (for example potasshmi hydroxide in water) is flowed into the base 

compartment 23 and then to waste by way of line 25. The membrane 21 is permeable to the 
base in the compartment 23 by "Donnan forbidden leakage". Therefore, base is added to the 
suppressed ehiant stream flowing through the membrane 21 to produce a base treated 
suppressed duant stream that is flowed thn)ugh a second conductivity detector 26. The 

25 elements 15-26 are contained in a thermostatic endosure 27. The second dectrical 

conductivity detector 26 determines the sq)arated anions as a negative response fi'om an 
elevated basdine response of the base treated suppressed eluant stream as shown in Fig. 3. 

Referring again to Fig. 1, the combination of the coiled hdix of tubular cation 
radiange membrane 2 1 and the filament 22 generates radial mixing of the base treated 

30 suppressed eluant. Said mixmg is bdieved to be the reason why the noise level of the 
basdine response of the base treated suppressed eluant stream is less than one half the 
baseline noise level of a base treated suppressed ehiant stream that is flowed through a 
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reference membrane the same as the membrane 21 but which refoence mmibrane is not 
coiled nor containing a filamrat. 

Referring now to Fig. 1, th^dn is shown a preferred apparatus 40 for the 
det^mination of cations of interest in a sanq)le to be analyzed. The apparatus 40 includes a 
5 reservoir 41 containing an ehiant of dilute add 42. The reservoir 41 is in fluid 

communication with a liquid c^omatogr^hy pump 43 \'^ch pumps eluant 42 through a 
sample injection valve 45. A sample 46 containing cations of interest is contained in syringe 
47 to be kgected into the addic duant 42 by the iqection valve 45. The cations of interest 
are separated by cation exchange diromatogr^fay on cation exchange chromatograplQr 

10 column 48. An ion diromatograpl^ suppressor 49 exchanges the anions of the stream of 
separated cations from the column 48 for l^droxide ion to produce a suppressed eluant 
stream that is flowed through a first dectrical conductivity detector 50. The first electrical 
conductivity detector 50 determines the separated cations as a positive re^nse &om a 
baseline response of the suppressed eluant stream. 

15 The stream of suppressed eluant fiiom the first conductivity detector 50 is then 

flowed through a coiled helix oftubular anion exchange membrane 51. The coiled helix of 
tubular anion exchange membrane 5 1 contains a close fitting filament 52 (njdon 
monofilament fishing line). The coiled heUx oftubular anion exchange membrane 5 1 is 
contained in an add compartment 53. Dilute add 54 (for example hydrochloric add in 

20 water) is flowed into the base compartment 53 and then to waste by way of line 55. The 
membrane 5 1 is permeable to the add in the compartment 53 by ""Donnan forbidden 
leakage". Therefore^ add is added to the siQ>pressed eluant stream flowing through the 
membrane 51 to produce an add treated suppressed ehiant stream that is flowed through a 
second conductivity detector 56. The elen^nts 48-56 are contained m a thmnostatic 

25 enclosure 57. The second electrical conducthdty detector 56 detoinines the separated 
cations as a negative response fipm an elevated baseline response of the add treated 
suppressed duant stream. 

The combination of the coiled helix of tubular anion exchange menibrane 5 1 and the 
filament 52 is believed to generate radial mixing of the add treated suppressed eluant. Said . 

30 mfadng is believed to be the reason why the noise level of the baseline response of the acid 
treated suppressed eluant stream will be less than one half the baselme noise level of an acid 
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treated suppressed ehiant stream that is flowed through a reference membrane the same as 
the membrane SI but which reference membrane is not coiled nor containing a filament. 

R^rring now to Fig.S, therein is shown a base addition device 60 that inchides a 
base penneable tubular membrane 61. A phirality of particles 62 are positioned in the bore 
5 of the membrane 61 as mixing elem^its to mix the suppressed eluant flowed down the bore 
ofthe membrane 61. The membrane 61 is positioned in a base compartm^ 63. Base 64 is 
flowed into the compartment 63 and out line 65. The membrane 61 can be ai^ membrane 
that is penneable to base such as a dialysis membrane, a porous membrane, an ion exchange 
membrane or a zwitterion membrane. The mixing dement portioned in the bore ofthe 
10 membrane 61 can be any mixing elm^ sudi as a chain, a configured filament or a phirality 
of shorter filaments. 

Referring now to Hg.6, therein is shown an add addition device 70 that mcludes an 
add penneable tubular membrane 71. A phirality of partides 72 are positioned in the bore of 
the membrane 71 as mbdng dements to mix the suppressed ehiant flowed down the bore of 

IS the monbrane 71. The membrane 71 is positioned m an add conq)artment 73. Acid 74 is . 
flowed into the compartment 73 and out line 7S. The membrane 71 can be any membrane 
that is permeable to add such as a dialysis membrane, a porous membrane, an ion exchange 
membrane or a zwitterion mraibrane. The mixing element positioned in the bore ofthe 
membrane 71 can be any mbdng element such as a chain, a configured filament or a plurality 

20 . of shorter filaments. 

Referring now to Fig. 7, therein is shown a device 80 for the addition of acid or base 
80. The add or base 81 is introduced into a flow channel 82 by way of line 83. The 
suppressed ehient 8S is flowed through the channel 82. A phiality of particles 84 m the 
diannd 82 act as a mixing element. It will be noticed that the step of adding the add or base 

2S 8 1 to the suppressed duant is followed by the step of mbdng the add or base treated 
suppressed ehiant. 

Referring now to Fig. 8, therein is shown a device 90 for the addition of add or base 
90. Theaddorba5e91 ismtroducedintoaheUcdtubularflowchannd92byway ofline 
93. ^ The suppressed eluent 9S is flowed through the channel 92. A filament 94 in the channel 
30 92 act as a mbdng element. It will be noticed that the step of adding the add or base 91 to 
the suppressed eluant is followed by the step of mbdng the acid or base treated suppressed 
ehiant. 
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Referring now to Fig. 9, therein is shown a device 100 for the addition of add or 
base 101. Theaddorbase 101 is introduced mto a tightty configured tubular flow channd 
102 by way of line 103. The suppressed duant 105 is flowed through the channel 102. The 
tig^tfy configured diannd 102 acts as a mixing dement A tube can be tig^ configured by, 
for example, knitting a tube or by tying a tube in a series of knots. It will be noticed that the 
step of adding the add or base 101 to the suppressed duant is Mowed by the step of mixing 
the add or base treated suppressed duant For example, the efiSuent fi-om a 
microdectrodialytic base g^erator used as a base addition device can be mixed by any 
suitable means such as the means shown in Figs 7-9. 

Refoiing now to Fig. 10, tho^dnis shown an add or base addition device 110. The 
add or base 1 1 1 is positioned on one side of an add or base permeable planar m^nbrane 
1 12. The suppressed ehiant 1 16 is flowed through a channd 1 13 defined by a body 1 14. A 
screen 1 IS of woven filamrat material is po^oned adjacent the membrane 1 12 and acts as a 
mixing dement to mk the add or base treated suppressed duant. 

Refening now to Fig. 1 1, therdn is shown an add or base addition device 120. The 
add or base 121 is portioned on one side of an add or base permeable planar membrane 
122. The suppressed eluant 126 is flowed through a channd 123 defined by a body 124. A 
plurality of particles 125 are portioned adjacent the membrane 122 and act as a mbdng 
element to mbc the acid or base treated suppressed eluant. 

It will now be appredated that the spedfic means used in the instant mvention to add 
the add or base to the suppressed ehiant stream is not critical m the invention. Similarly, the 
spedfic means used to mbc the add or base treated suppressed ehiant stream is not critical. 
In the absence of sudi mixing, it is believed that the only sigmficant mechanism for mass 
transport in the direction radial of the direction of flow is difiiision. Such difiusion is a 
relatively slow process compared to phydcal mixing. It is believed that the reason the 
basdine noise of detection of weak add anions (or weak base cations) can be reduced by a 
&ctor of at least two m the instant invention relative to the prior art is the mixing step and 
mixing dements of the instant invention. 



■WO 02/21 121 



Page 11 of 25 



WO 02/21121 PCTAJSOl/27499 

WHATISOAIMEDIS; 

1 . A chemical analysis method for determiimig anions of interest in a sample to 
be analyzed, comprismg the steps of. separating the anions of interest by anion exchange 
diromatography using a basic ehiant to produce a stream of separated anions in the ehiant; 

S exchanging the cations of the stream of sq)arated anions for hydrogen ion to produce a 
suppressed duant stream; adding base to the suppressed duant stream to produce a base 
treated suppressed duant stream; mixing the base treated suppressed duant stream; 
detennming the dertrical conductivity of the base treated suppressed duant stream to 
detemmie the separated anions as a negative dectrical conductivity response from a baseline 
10 response ofthe base treated suppressed duant stream. 

2. The method of Claim 1, wherein the noise level ofthe baseline response ofthe 
base treated suppressed duant stream is less than one half the baseline noise level of a base 
treated suppressed ehiant stream that is not mixed. 

3. The method of Claims 1 and 2, wherein the mixing ofthe base treated 
IS suppressed duant stream is accomplished by flowing the base treated suppressed duant 

stream through a helical tube containing a filament 

4. The method of Claim 3, wherdn the tube comprises a base permeable 
membrane. 

5. The method ofClaim 4, wherein the base permeable membrane is a cation 
20 exchange membrane. 

6. The niethod of Claims 1 atid 2, wherdn the mixing ofthe base treated 
suppressed duant stream is accomplished by flowing the base treated suppressed duant 
stream through a tube containing particles. 

7. The method of Claim 6, wherdn the tube comprises a base permeable 
25 membrane. 

8. The method of Gaim 7, wherdn the base permeable mwibrane is a cation 
exdiange membrane. . 

9. The method of Claims 1 and 2, wherein the mixing ofthe base treated 
suppressed duant stream is accomplished Aovmg the base treated suppressed duant 

30 stream through a configured tube. 
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10. The method of Claims 1 and 2, i^vfaerein the mbd^ 
suppressed duant stream is accomplished by flowing the base treated suppressed ehiant 
. stream through a channel partitioned fiom a source of base by a base permeable membrane, 
the channel containing a mbdng dement. 

5 11. The method ofClaim 10, who-ein the mixing elemoit is a screen. 

12. The method of Claim 10, Ti^orein the nuTong element is a plurality of 
partides. 

13. The method of Claims 10, 1 1 and 12, wherein the base permeable planar 
membrane is a cation exchange membrane. 

10 14. The method of Claims 1-13, further compri^ the step of detenrnniog the 

dectrical conductivity of the suppressed ehiant stream to determine the separated anions as a 
positive dectrical conductivity response from a basdine response of the suppressed duant 
stream. 

15. A chemical analysis method for determining cations of interest in a sample to 
15 be analyzed, comprising the steps of: separating the cations of interest by cation exchange 

chromatography using an acidic duant to produce a stream of separated cations in the duant; 
exchanging the anions of the stream of separated cations for hydroxide ion to produce a 
suppressed eluant stream; addmg acid to the suppressed duant stream to produce an add 
treated suppressed eluant stream; mixizig the add treated suppressed duant stream^ 
20 determining the dectrical conductivity of the add treated suppressed duant stream to 

determine the separated cations as a negative dectrical conductivity response from a basdine 
response of the add treated suppressed duant stream. 

16. The method of Claim 15, wherdn the noise levd of the baseline response of 
the acid treated suppressed duant stream is less than one half the baseline noise level of an 

25 add treated suppressed duant stream that is not nuxed. 

17. The method of Claims IS and 16, \^erdn the mixing of the add treated 
suppressed duant stream is accoinplished by flowing the add treated suppressed ehiant 
stream through a hdicd tube containing a filament. 

18. The method of Oaim 17, wherem the tube comprises an add permeable 
30 membrane. 
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19. The method of Claim 18, herein the add penneable membrane is an anion 
exchange meoibiBne. 

20. The method of Claims 1 5 and 16, \)^erem the mixing of the add treated 
suppressed ehiant stream is accomplished by flo^ving the add treated suppressed duant 

5 stream through a tube containing partides. 

21. The method of Claim 20, \^ardn the tube comprises an add permeable 
membrane. 

22. The method ofClaim 21, wherem the add permeable membrane is an anion 
exchange membrane. 

10 23. The method of Claims IS and 16, T^erdn the mbdng of the add treated 

suppressed ehiant stream is accomplished by flowing the add treated suppressed ehiant 
stream throu^ a configured tube. 

24. The method of Claims 15 and 16, wherdn the mixing of the add treated 
suppressed duant stream is accomplished by flowing the add treated suppressed duant 
15 stream through a diannel partitioned fi-om a source of add by an add permeable membrane, 
the channd containing a mbdng demmt. 

25. The method of Claim 24, wherdn the mixing dement is a SCTeen. 

26. The method of Cldm 24, wherdn the mixing dement is a plurality of 
particles. 

20 27. ThemethodofClaims24, 25 and 26, wherdn the add permeable planar 

mCTibrane is an anion exchange membrane. 

28. The method of Clauns 1 5-27, finther comprising the step of determiniDg the 
dectrical conductivity of the suppressed duant stream to detennine the separated cations as 
a positive dectrical conductivity response fiom a basdine response of the suppressed duant 

25 stream. 

29. Apparatus for the ch^cal analysis ofanionsofinterest in a sample to be 
analyzed, compiidng: an anion exchange duromatography column; an ion chromatography 
suppressor in fluid commimication witii the anion exchange chromatography column; a base 
addition device in fluid communication with the ion cfaromatogn^hy suppressor; a imxer in 
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fluid communication with the base addition device; an dectrical conductivity detector in fluid 
communication with the mixer. 

30. The apparatus of Claim 29, wh^ein the mixer is a helical tube containing a 
filament. 

5 31. The apparatus of Claim 30, ^erdn the tube comprises a base permeable 

membrane. 

32. The apparatus of Claim 3 1, wherdn the base permeable membrane is a cation 
exchange membrane. 

33. The apparatus of Claim 29, wherein the mixer is a tube containing a plurality 
10 of particles. 

34. The apparatus of Claim 33, wherein the tube conq>iises a base permeable 
membrane. 

35. The apparatus of Claim 34, wherein the base permeable membrane is a cation 
exchange membrane. 

IS 36. The apparatus of Claim 29, wherdn the mixer is a configured tube. 

37. The apparatus of Claim 29, wherdn the mixer is a semen positioned in a flow 
channel adjacent a base permeable planar membrane. 

38. The apparatus of Claim 37, wherdn the base penneable planar menibrane is a 
cation exchange membrane. 

20 39. The apparatus of Clahn 29, wherdn the mixer is a phu-ality of particles in a 

flow channel adjacent a base penneable planar membrane. 

40. The apparatus of Claim 39, wherein the base penneable planar membrane is a 
cation exdiange membrane. 

41. The apparatus of Claims 29-40, fiirther including an additional dectrical 
25 conductivity detector m fluid communication with the ion chromatograpby suppressor and 

. the base addition device. 

42. Apparatus for the chemical analysis of cations of interest in a sample to be 
analyzed, comprising: a cation exchange chromatography column; an ion chromatography 
suppressor in fluid commimication with the anion exdiange chromatography column; an acid 
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addition device in fluid comrmimcation vnOi the ion chromatography suppressor, a mixer in 
fluid communication with the add addition device; an electrical conductivify detector m fluid 
communication with the mixer. 

43. The apparatus of Claim 42, v^erein the mixer is a helical tube containing a 
S filament. 

44. The apparatus of Claim 43, wherein the tube comprises an acid permeable 
membrane. 

45. The apparatus of Claim 44, wherein the acid permeable membrane is an anion 
exchange membrane. 

10 46. Theapparatusof Claim 42, wherein the mixer is a tube containmg a phiral^ 

ofpartides. 

47. The apparatus of Claun 46, v^erdn the tube comprises an add permeable 
membrane. 

48. The apparatus of Claim 47, wherein the add penneable membrane is an anion 
1 S exchange membrane. 

49. The apparatus of Qaim 42, wherdn the mixer is a configured tube. 

50. The apparatus of Claim 42, wherdn the mixer is a so'een positioned in a flow 
channel adjacent an add permeable planar membrane. 

51. The apparatus of Claim SO, wherein the acid permeable planar membrane is an 
20 amon exchange membrane. 

52. The apparatus of Claim 42, wherdn the mixer is a phiraltty ofpartides m a 
flow channel ac^acent an add permeable planar membrane. 

53. The apparatus of Claim 52, wherdn the add permeable planar membrane is an 
anion exdiange membrane. 

25 54. The apparatus ofClaims 42-53, fiirthermdudmg an adcfitionaldectrical 

conductivity detector in fluid communication with the ion chromatograpl^r suppressor and 
the add addition device. 
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